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Abstract 
 
We are developing a new system that supports a suite of interrelated computer modules based on real-world 
scenarios.  The primary goals of the project are to integrate industrial engineering courses, improve students’ 
information technology skills, and enhance students’ problem solving skills.  In particular, metacognitive abilities will 
be strengthened as students apply domain knowledge, data, methods and software tools while monitoring their own 
solution processes.  This paper presents some of our results from a pilot study in a large engineering economic 
analysis course. 
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1. Introduction 
It is widely accepted that information technology (IT) may be a vehicle to improve engineering education, but doing 
so will require careful consideration of both technical content and learning objectives so that the technology 
environment promotes learning that we value.  It should also address challenges in the existing curriculum that may 
be difficult to solve without the enabling technology.  One clear potential for IT to improve upon traditional lecture 
classes is to promote collaborative and active learning [4,5,9].  Sophisticated simulated environments can be created 
that allow students to address realistic problems in a hands-on fashion using domain knowledge mastered in the 
relevant course. However, other less obvious challenges in the traditional curriculum can also be addressed 
effectively using IT.  For example, the traditional industrial engineering curriculum encompasses what may seem like 
loosely connected courses that address different elements of manufacturing and service enterprises. A common 
computer-based environment can be used to integrate these courses.  Such an environment can also be used to 
encourage the development of specific learning skills.  For example, when assigning homework and exams it may be 
difficult to ensure that students plan how to learn a given task, monitor their comprehension of the task, and evaluate 
the progress that they are making towards completing the task.  Such metacognition has been found to be an 
important component of learning [2,6].  In a computer-based environment, where each step of a student’s progress 
can be monitored, encouraging reflection and self-evaluation at each step becomes a viable option. 
 
We have designed a new active learning environment where students in each course complete one or more modules 
that relate to the course content.  These modules are designed with several goals in mind: 
§ Each module presents a realistic engineering problem that students must solve using the tools acquired during 
the course [1].  This  helps the students apply discipline-specific knowledge to solve engineering problems. 
§ The modules are interconnected so that the relationships between previously isolated parts of the curriculum are 
made apparent.  Therefore, over a set of several courses, students will develop a better appreciation of the 
connections among courses.  While this type of integration would be difficult to achieve without the use of 
information technology, in the IT-based module linkages are made via common interfaces and databases, which 
allows the students to focus on the content connections. 
§ The modules focus on helping students develop both their cognitive ability to structure schemas in industrial 
engineering knowledge domains and their metacognitive ability by reflecting on their solutions and justifying 
each action that is made. Due to the difficulty of devising the appropriate mechanisms, the development of such 
skills is rarely incorporated explicitly into the curriculum as it is in our new learning environment. 
§ For each module, students must independently define goals, formulate problems, and develop solution strategies 
while mastering the course material. This environment, which encourages cooperation and communication with 
other students, is thus a fundamental shift from the existing emphasis on the traditional lecture format to active 
and collaborative learning.  
 
Another effective use of IT to enhance learning is providing students with timely feedback, and to encourage 
reflection and revision on the part of the students.  Using formative assessment for feedback and to encourage 
learning from mistakes is an integral part of this environment but has not been implemented as part of the current 
prototype to be discussed in the next sections.  However, special effort has been made to incorporate student 
reflection into the environment via student self-evaluations and explanations of actions.  This paper outlines some 
results of a pilot study in a large engineering economy course, focusing on implementation issues, student 
performance and student feedback.  More analysis of the students’ problem-solving procedures, relationships among 
evaluation components, and evidence of metacognition can be found in a companion paper [7].   
 
2. Electronic Learning Portal Software 
The basic functions of the electronic learning portal (ELP) are to: (1) provide scenario specific information based on 
student-initiated requests, (2) structure the problem solving process, (3) collect information on cognitive processes, 
(4) collect work in multiple formats from each student team, and (5) provide feedback to teams on their progress. 
 
ELP is based on a client-server architecture that provides control mechanisms, information transfers, and 
administrative functions through the Internet.  After connecting to ELP, students have access to specific information 
for a scenario.  This information can take the form of reports, spreadsheets, design specifications, drawings, pictures, 
or streaming video.  In addition, teams submit their work, self-evaluations, and the solution process to the portal.   
Student information is stored in a module repository consisting of a relational database that describes how they 
obtained their solution, as well as a set of files containing student work created using different software tools (such 
as spreadsheets, CAD, or optimization). 
   
Instructors create teams of students for each module.   Students logging onto the system select a team from a list of 
teams in which they have membership.  A project consists of the work students submit, evaluations, and information 
on cognitive processes they use.  Any student on the team can make changes to a project.  The client software 
provides a mechanism to create projects for a given module.  Each project consists of the following stages: 
· Objective:  Students specify what they are trying to achieve before they begin the solution process.   A 
justification of the objective is also required. 
· Plan:  Teams construct plans for solving the problem consisting of system actions and student actions.  
System actions are those tasks that can be performed by the ELP module.  These actions can have cost and 
time parameters that would result in a cost incurred for the project or a delay in the scenario timeline.  
Student actions are selected from a list of possible actions that student would perform based on the module 
knowledge domain.  The team must provide justification for each action in the plan. 
· Solution:  After completing the plan, the solution is specified based on a list of possible alternatives.  A 
justification of the solution must be provided in order to submit the solution.   Students have the 
opportunity to change their solution at decision points in the scenario timeline based on system 
performance in a scenario. 
· Performance:  A scenario specific simulation model provides a representation of the system under the 
solution parameters selected by the team.   Performance measures for the system are provided at pre-defined 
time periods.   Students can use the results to modify their solution. 
The software design also encourages reflection.  Along with each choice of objective, action and solution element, 
students enter a reason for making that choice.  In order to progress from each of the first three stages, students must 
complete a self-evaluation.  The evaluation criteria can be viewed prior to completing the stage. 
 
3. Module for Engineering Economic Analysis 
The first module was tested in our Engineering Economic Analysis course during the fall semester, 2002.  This is a 3-
credit course required for industrial engineering (IE) juniors.  It is also a requirement for electrical engineering majors 
and a popular elective for majors in mechanical and chemical engineering.  Most of the non-IE majors take the course 
as seniors. 
 
3.1 Scenario Description 
The engineering economy scenario was developed in consultation with a local manufacturer of professional 
concession equipment.  This company faced a production bottleneck caused by the limited capacity of its punch 
press operation.  Alternatives for expanding production capacity included purchasing a new punch press, adding a 
second shift using the existing press, and outsourcing the punching operation.  The problem was to develop a 
manufacturing strategy by selecting one of these alternatives to implement in each of the next five years (the 
outsourcing option was available only in the first two years).  The written problem description included a general 
description of the situation, the sequence of metal forming operations, the capacity expansion alternatives, and a 
range of possible demand projections over the five-year horizon.  The student and system actions available in the 
Plan stage are listed in Tables 1 and 2, respectively (some possible actions were intentionally spurious).  For most 
student actions, a spreadsheet template was automatically downloaded when the action was chosen;  completing the 
action required uploading the filled-in template.  Choosing the market research option in the first year precluded any 
expansion alternative during the first year.  However, the problem description suggested that hiring the marketing 
firm would both tighten the demand forecast intervals and increase demand somewhat. 
 
Table 1.  System actions available 
Action Description Time Required (quarters) Cost 
Get demographic data from Marketing 0 0 
Get demand forecast from Marketing 0 0 
Get financial information from Accounting 0 0 
Get production information from the Supervisor 0 0 
Get process information from Manufacturing 0 0 
Perform process capability study 1 $8,000 
Plot the corn price distribution 0 0 
Hire consultant for market research 4 $150,000 
 
Table 2.  Student actions available 
Action Description 
Estimate capacitated resource utilization 
Compute variable cost of each alternative 
Calculate RFM performance for the company 
Determine capacities of current and new machines 
Calculate income and cash flow statements 
Calculate annual revenues and costs for alternatives 
Calculate long term debt ratio 
Perform cost-volume analysis of the alternatives 
Choose five-year plan on the basis of equivalence analysis  
Perform linear regression on fixed costs 
Compute incremental fixed cost of each alternative 
Evaluate stock book value 
 
In the Solution stage of the ELP program, students specified an action to take in each year, such as outsource or 
purchase a new press.  Completion of this step also required uploading an Excel spreadsheet with a net income and 
cash flow statement for the five-year horizon, formatted as in the course text [8].  Students could then progress to the 
Performance stage and view the results of a quarter-by-quarter simulation of the first year, including realizations of 
variables such as demand, production volume, costs and net income.  After the first year simulation, they could view 
the results of the market research study if they had chosen it, modify the alternatives chosen for years 2 through 5, 
and then return to run the simulation over the remaining years.  After the simulation was finis hed they completed the 
final submission of their project. 
 
3.2 Administration in a Large Lecture Course 
The Fall 2000 final enrollment was 181 students as shown in Table 3.  Because the ELP software was in the prototype 
stage and the feasibility of evaluating a large number of projects was doubtful, we offered the case study as an extra 
credit project and asked students to sign up in self-selected teams of 2 or 3.  There were 63 projects submitted 
involving 151 students.  The ELP software was made available in a large computer lab and by download for installing 
on the students’ own computers.  We allowed two weeks for completing the project.  This time window began 
approximately two-thirds of the way through the semester, after most of the text material concerning cost concepts, 
time value of money, asset evaluation, and development of project cash flows had been covered in class.  Material on 
project risk and uncertainty was discussed in class concurrently with the case study project. 
 
Table 3.  Distribution of majors and class levels  
Major\Level Sophomore Junior Senior Exchange Graduate Total 
Industrial 6 17 8 0 0 31 
Chemical 0 8 20 0 0 28 
Computer 0 4 18 0 0 22 
Electrical 1 14 32 0 0 47 
Mechanical 0 4 30 0 0 34 
Other 0 1 10 5 3 19 
Total 7 48 118 5 3 181 
  
 
3.3 Student Performance 
As learner centered assessment is an important element of effective learning [3], it plays a key role in our new 
environment.  As students progressed through the project, they had to evaluate themselves according to a set of 
rubrics.  Table 4 shows the criteria for each rubric and a description of an exemplary project, which would receive a 
score of 6.  For each criterion the rubrics also included a description of a satisfactory project (4-5 points) and an 
unacceptable project (0-1 points), which are omitted here to save space.  After the projects were submitted, the 
course instructor and teaching assistants evaluated them according to the same rubrics.   
 
Table 4.  Criteria and descriptions of an exemplary project on each rubric 
Objective Rubric 
Completeness The necessary measures are included.   Measures support the achievement of the goal. 
Clarity Measures and reasons are clearly defined and easily understood. 
Justification Reasons for each measure are provided and contain full justification. 
Plan Rubric 
Financial Financial information used correctly to determine incremental fixed and variable costs for 
each alternative. 
Operational Operational information used correctly to help determine machine capacity. 
Manufacturing Manufacturing information used to help determine costs and capacities of alternatives. 
Process capability Scrap rate based on process capability is used correctly in the analysis. 
Range of plans Full range of possible 5-year plans is considered. 
Consider relevant 
information 
Analysis includes consideration of fixed and variable costs, scrap, depreciation, taxes, time 
value of money. 
Demand projections The impact of different demand scenarios is considered. 
Market research option 
 
Costs and benefits of market research are weighed carefully before submitting initial five-
year plan. 
Solution Rubric 
Net Income 
 
Correctly accounts for scrap rates/machine capacities, terms of the outsourcing contract, 
incremental fixed and variable costs, depreciation and taxes. 
Cash Flows 
 
Conversion of net income to cash flows correctly accounts for investment expense, 
salvage value and depreciation expense. 
Time Value of Money 
 
Computation of net present worth, annual equivalent worth, or internal rate of return is 
correct. 
 
Despite the high level of detail in the rubrics, which we feared might provide too much guidance, the instructor 
scores on the rubrics were relatively low.  Table 5 compares the average self-evaluation for each rubric with the 
average instructor evaluation, as a percentage of the total possible score.  It also shows the average percentage by 
which the teams’ self-scores exceeded the instructor scores.  In almost all cases, the students gave themselves a 
higher rating than the instructor and teaching assistants did.  Interestingly, students whose overall course grades 
were higher gave themselves scores that were closer to the instructor scores than did lower-performing students [7]. 
 
Table 5.  Comparison of self- and instructor evaluations on the rubrics 
 
Rubric 
Mean Self Score 
(%) 
Mean Instructor 
Score (%) 
Mean % 
Difference 
Objective  92.7 64.6 27.6 
Plan 89.0 52.0 35.5 
Solution 90.1  70.8 17.8 
 
In addition, we identified the five year plan that would achieve the highest net present worth (NPW) according to the 
most likely demand forecast after the marketing study and assigned each team a score based on closeness of their 
five-year plan’s NPW to this “optimal” NPW.  Only two student teams chose the best plan, but 10 more groups 
found a plan with NPW within 1% of optimal.  The worst performing plans chosen had NPWs that were 9% lower 
than the optimal.  Over 75% of the teams specified plans with NPW errors of at least 8%.   
 
On average, the student teams chose 9.2 actions, although there was considerable variation with the standard 
deviation being 2.6 and one group selecting as many as 15 actions. Finding the best solution to the problem did not 
require doing all the actions.  The two teams that identified the optimal solution included almost identical action plans 
consisting of 8 and 9 actions, respectively.  Analysis of the objectives submitted, the reasons given in each stage, 
and the correlations among measures of performance, is ongoing.  More details are available in [7]. 
 
3.4 Student Feedback 
Two weeks after the projects were submitted, we surveyed the students to learn how much time they had spent on 
the project, how they felt about working in groups, and how they perceived the project in relation to the course 
content.  There were 138 responses to the online survey.  Fifty-eight percent of respondents reported that their group 
as a whole had spent between 6 and 12 hours on the project, and 22% of the students said their group spent more 
than 12 hours on it.  For 64% of the respondents, at least half of this time was spent directly using the ELP software.  
Nearly half of the students said that as individuals they had spent between 4 and 8 hours on the project while 21% 
stated that they spent more than 8 hours on it.  The students were overwhelmingly positive about working in groups, 
with 62% identifying an optimal group size of 3 students.   
 
When asked if the course content in IE 305 had sufficiently prepared them to complete the case study, 80% of 
students responded positively.  Those who cited deficiencies in preparation mentioned the material on project risk 
and uncertainty, which had not been started when they began the project, and some manufacturing knowledge such 
as scrap rates.   Students also said they were confused by the extraneous actions, lacked problem-solving strategies, 
or wanted a more detailed problem description.  As to whether the project helped them to learn the course material, 
25% answered yes, and an additional 53% said that it had mainly helped them to integrate the course material and see 
how to apply it in a real situation. Another question was whether they had used knowledge gained in other courses.  
A minority of the students mentioned using material from cost and managerial accounting courses; IE courses in 
manufacturing systems engineering and optimization; statistics; economics; marketing; and computing/knowledge of 
Excel. 
 
4. Conclusions 
Our initial experience with the Electronic Learning Portal indicates that IT can be used effectively to create 
opportunities for students to collaboratively solve realistic engineering problems, thereby promoting deeper learning 
and higher order thinking.  In contrast to a traditional written case study format, the design of the learning 
environment allowed us to record some portion of the students’ thought processes and engaged them in monitoring 
and evaluating their own problem solving procedures.  The pilot study demonstrated that such learning experiences 
and assessments could be achieved even in a large lecture class.  The software made evaluation of 63 projects, each 
with multiple components, much easier than it would have been in paper format.  Electronic submission allowed the 
instructor and two teaching assistants to simultaneously evaluate different aspects of the projects without shuffling 
papers.  The student action templates facilitated checking computations, occasionally by examining the spreadsheet 
formulas used. 
 
Based on these results, a similar module will be used again in the same course in Spring 2003, this time as a required 
course component with a significant impact on the final grade.  Future work will develop at least one module for each 
required undergraduate course, but there is also considerable ongoing and future work on assessing the value of this 
environment.  We are currently designing the second module for the manufacturing systems engineering course that 
will use the output of the existing engineering economy module to assist in the selection between several 
manufacturing processes for the same production scenario.  One of the greatest potential benefits of using 
information technology for instruction is that it can make feedback easier for the instructor and revision easier for the 
students [1].  We are therefore considering how to effectively incorporate formative assessment into the current 
module and how to design more effective feedback mechanisms for students’ reflection on their solution process.  
Other future research includes investigating more closely how to evaluate the benefits of encouraging metacognitive 
skills within a module. 
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